
� � � � � � �� � � � � 	 
� � �� �  �� � � � � � �� �� � �� � � � � � �� � � � � 	 
� � �� �  �� � � � � � �� �� � � �� � �  � � �� �  � � �

� � 
� �� � � � � �
� � � � �� � � � �� � � � � � �� 
� 
� 
� �



� � � ��� � � � ��  � ! ���   " ��� � � � � � � �

# � � �
� �# � � �
� �

� $ � � � � � ��%� � � � �
� � 
	 
� � � 
� � �
� � � 	 � �  �

� &� � � � � �' � � � � � � � �
� ( ! � �� � � � �� � � �
� � � � � � � �
� � � � � 
� �
� � ) � � � � � � �� � �* � � +� � �
� # � ! � � �� � � 
� �

� ( ! � �, � � � � � � �� �� � -
� � � � � �. � � � � �
� � � � / �� � � 	

� � � � 0� � � 
� � �



� � � ��� � � � ��  � ! ���   " ��� � � � � � � 1

2 ! � � �� 
	 
� � �( � � � ��� � � � � � �%� � � � � 
� � 32 ! � � �� 
	 
� � �( � � � ��� � � � � � �%� � � � � 
� � 3

� 4 � ) 
	 � 	 �� � 	 � � � �� . �� � � � � � � �� ! � �5� � � � � � �� � � �� � � � �� �
� � � � �� � � � � 6�7� 8�

� 4 � ) 
	 � 	 �� � � � � / � �5� � � � � � �� � � 9�&� � � 6��� � � � � � � �� �: 97�; <��	 � � �
! � � � �� � �/ � �� � �8 �; <�. � � �� � 4 %=�>. � ��?4 
� 
5� � � �

� >� � 4 %�� � �� ?�4 � ) 
	 � 	 �� � 	 � � � �� . �� � � � � � � �� � � � ! � � �� ! � �4 � 
� �
%� 0� � � � � �� � � �! � � 6�� � � � � � � �� �@�
� �� � 
� � 
� �� ��� � � � 
� �� �/ � �� � �88�
* 
� ! �. � � � � ��� �  
� / �� � ! � 	 � � �
� �� ! � �. � � � � �

� >� � 4 %�� � �� ?�4 
� 
	 � 	 �4 � 
� �%� 0� � � � � �� � 	 � �� � � �� �� 
	 � �>� � 4 %�
� � �� ?6�89" � =�� �  
� / �� 
	 � >� � ��� � � � �8A87� B� � � � � ! � � ?

� � � � � � � �
� �� ! � �5� � � � � � 6
� � � � � � �/ � � � �  �� �  
� � 
� �

� � � 	 � / � �� �  A� � �� � � 
� � � 
� � �� . �� � � � � ��� � 	 � � � � � � �

Our biggest worry at the 
moment!!!!



� � � ��� � � � ��  � ! ���   " ��� � � � � � � "

� � � � � � �� � 	 � � � � � � � � �� � 	 � � 

0

2

4

6

8

10

12

14

16

18

20

Q1
2002

Q2
2002

Q3
2002

Q4
2002

Q1
2003

Q2
2003

Q3
2003

Q4
2003

Q1
2004

Q2
2004

Q3
2004

Q4
2004

Q1
2005

Q2
2005

Q3
2005

Q4
2005

Q1
2006

Q2
2006

p
ro

to
n

s 
p

er
 h

o
u

r 
(E

16
)

Shortfall

Booster Stretch

Booster Base

NuMI

pbar production

5� � � � � � �

4 � ) 
	 � 	 �

>��� � � ��
	 
� ?

4 
� 
5� � � � �

( � � � � � �

� � 4 %

( � � � � � �

� � *

>� � � � �%	 � � � � � 	 � � � C?

( ! 
� �
� �� �

/ � � ���� � � �� �

� � � 	 
� � CCC

; � � � �� � * �
� ) � � �  �  �

� 
� 
� ��� � 4 %
� � �  � CCCC

: 97�; <



� � � ��� � � � ��  � ! ���   " ��� � � � � � � 7

5
/ �%	 � � � � � 	 � � � � �
� �� ! � �� � � � �D� � �5
/ �%	 � � � � � 	 � � � � �
� �� ! � �� � � � �D� � �

� � � 
	 � � � �� ) � � � � � 
� � �,  � / �� / �. 
) -
� %� � � � � � � �� � � � 
� / �� � � * � � � �	 � / � � � � �
� �� ! 
� � � � �� � � � � 	
� &�  � � � � � 
� � � � � 
� � �� � �
� 0� � � 
� � ��� � � 
� � �� � �E"  F

� G� � � 
� � ��� �
/ � 	 � � �
� � �
	 
� � � � �H- 	 
� � �
/ � 	 � � � �� � �� � ��
	 � � � � �� � / 
� �
� %	 � � � � � �! 
/ ! �. 
� � �� � � 
�

� "   �4 � G �
� � �* � � +
� 5� � � � � �� �  � � � � � �  
� /
� %	 � � � � �  �� � � � 
�
� � �� �  �� � � � � � � � 
�
� � �

� %� 0� � � 
� � �� � 	 � �># &5� 4 � ?�
	 � � � � � 	 � � � �
� %	 � � � � �  �* � � � � �. �� *
� � � * ���� * � � �� � � 
� � � � � � �� � � � � 
� � � �
� 4 � � ! �	 � � � �� � �
� � ��

� � � ��
	 � � � � �
� � � � ��� � 
� � �� �  �� � 	 	 
� � 
� � 
� /



� � � ��� � � � ��  � ! ���   " ��� � � � � � � @

G� � � 
� � ��� �
/ � 	 � � �G� � � 
� � ��� �
/ � 	 � � �

� 4 � / � � � �	 � � � �
� 4 � � �  �I �>� � � �� . �" J?�/ 
�  � � � �� �  �� � � �	 � / � � � �� � �� �/ 
�  � �

-0.007

-0.006

-0.005

-0.004

-0.003

-0.002

-0.001

0

0.001

0.002

0.003

0.004

0 20 40 60 80 100

index  (1=24-3, 2=24-4, 3=1-1,etc)

d
y 

(m
)

� 
) �� 1�	 
� � �
/ � 	 � � �

� 
) �! 
/ ! �
. 
� � �� � � 
�



� � � ��� � � � ��  � ! ���   " ��� � � � � � � :

� . . � � � � �� . �4 � � � � �� � �; 
/ ! �� 
� � �# � � 
�� . . � � � � �� . �4 � � � � �� � �; 
/ ! �� 
� � �# � � 
�

� . � � � �>	 � � � ! � � �
� � �  
� � 
� � ?

&� �� � � 
� 
� �

5� . � � � �>� �� � �� � � � � ?

� ) � � � � � 
� �



� � � ��� � � � ��  � ! ���   " ��� � � � � � � J

� � � / �1�� � / �� / �2 � � +� � � / �1�� � / �� / �2 � � +

� %� � � � � � � �� � � � 
� / �� � � * � � � � � / �� / �� � 
� � �. � � 	 �8J- � � �"  - � � �� �  � � � �
�� � � 
� � � 
� � � � � 
� � � �� � �
� 0� � � 
� � 9

� � * �	 � / � � � �� � �	 � � � ! �
� ) � � � � � 
� � ��
� �



� � � ��� � � � ��  � ! ���   " ��� � � � � � � I

� � ��
	 � � � � �' � � � � 	� � ��
	 � � � � �' � � � � 	

� ' ! � � � � � � 	 � � 
� � ��� �� �  � � � �� � � � � � � � ���  ��� � � � �

Basic Idea…

A scraping foil deflects the orbit of 
halo particles…

…and they are absorbed by thick collimators 
in the next periods.
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